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(54) Organophotoreceptor with charge transport compound with hydrazone groups 



(57) T?ii8 Invention relates to a noval organopho- 
toreceptor thai comprisea at leaet one photooonductlve 
eJement oomprieing 

a) a novel charge transport compound having the 
forrriula 



where rs a carba2ote group, a j . olldlne 
groups orap- (N.N-dieubstituted) arylamine , R3, 
R4, Rg and R^ are, Independently, an alkyi } oup or 
an aryl group. R7 and Ra are, i^d8p^ndQ^t^ ' hydro- 
gen» an alkyi groirp. or an aryl group, X Is . <ygen, 
sulfur, or a MR' group where R' is hydrogen, • 1 alkyi. 
or an aiyl group, and Y is a trivalent aryl gi ^trp; 
(b) a charge gonerating compound; and 

wherein the at least one photoconduciive : lament 
\$ carried on an eleetrrcaily conductive aubstrau- 
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Description 

[0001] This application claims priority to copending U.S. Provisional Patent AppHcalfons serial number 6C/ -21 ,162 
filed on October 28. to Getautls et aL. entitled "Electrophotographic Photoreceptor With Novel Charge " anfiport 

5 Compound," Incorporated herein by reference. 

[0002] This Invention relates to organophotoreceptors suitable for uae in electrophotography and, more ap • oifically, 
to organophotoreceptors having an improved charge transport compound having at least two hydrazone gr( ps. 
[0003] In electrophotography, an organophoToreceptor In the fomn of a plate, disk, sheet, belt, drum or the III having 
an eiectrically insulating photooonductive etsmont on an alectricaily conductive substrate Is Imaged by first j lifonnly 

10 electrostatically charging the surface of the photoconductlve layer, and then exposing the charged surface to • pattern 
of light. The light exposure seleclivGly dis&ipates the charge in the lllijmlnated ureas where light strikes the urface, 
thereby fonning a pattern of charged and uncharged areas, referred to as a latent image. A liquid or solid ton*: Is then 
provided in the vicinity of the latent image, and loner droplets or partcles deposit in the vicinity of either the harged 
or uncharged areas to cmate a toned Image on the surface of the photoconductive layer. The resulting toni'.i Image 

*5 can he transferred to a suitable ultimate or intermediate receiving surface, such as paper, or the photoconduc ■ 'e layer 
can operate as an ultimat© receptor for the image. The /maging process can be repeated many times to co*-piGtG a 
single Image, for exampU?, by overlaying images of distinct color components or effect shadow images, such • s over- 
laying Images of distinct colors to form a full color final Image, and/orto rsproduce additional Images. 
[0004] Both single layer and multilayer photoconductive elements have been used. In single layer embodi ' enls, a 

20 charge transport material and charge generating material are combined with a polymeric binder and then ci Dosited 
on the eleotrlcaliy conductive substrate. In multilayer embodiments, the chaige transport material and chari£< gener- 
ating material are preseni In the element in separate layers, each of which can optionally be combined with a f < lymeric 
binder, deposited on the electrically conductive substrate. Two arrangements are possible. In one two-layer • Tange- 
ment (the "dual layer" arrangement), the charge generating layer is deposited on the electricaJly conductive i bstrate 

^s and the charge transportlhyer Is deposited on top oftho charge generating layer. In an alternate two-iayoran-a .jement 
(the "inverted dual layer" nrrang©mQnt).the order of the cliarge transport layer and charge generating layer is r. versed. 
[0005] In both the slngl? and multilayer photoconductive elements, the purpose of the charge generating rr . -terlal is 
to generate charge carriers (i.e., holes and/or electrons) upon exposure to light. The purpose of the charge W insport 
material is to accept at lenst one type of these charge carriers, generally holes, and transport them through th charge 

30 transport layer in order to facilitate discharge of a surface charge on the photoconductive element. The charge 1 r. insport 
material can be a charge transport compound, an electron transport compound, or a combination of both. Then a 
charge transport compound is used, the charge transport compound accepts the hole carriers and transpc \ s them 
through the layer with the charge transport compound. When an electron transport compound is used, the •Jectron 
transport compound accnpte the electron carriers and transports diem through the layer with the electron 1i insport 

9S compound. 

[0006] According to the present invention there Is provided an organophotoreceptor, an electrophotographic naging 
apparatus, an electrophotographic imaging process, and a charge transport compound, as set forth in the a tended 
claims. 

[0007] Preferred features of the invention will be apparent from the dependent clalrris, and the descriptii i which 
40 follows. 

[000&] This Invention provides novel organophotoreceptora having good electrostatic properties such as I jh Vase 
arKt low 

[0009] In a first aspect, an organophotoreceptor comprises at least a photoconductive element compri8in£ - 
^ a) a charge transport compound having the formula 
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Where H-i is a carbazole group, a julolicfine group, ora p-(N,N-clisubsiituted)arylamlne, R^, R3, R5 and 
Rq are. independently, an alkyi group or an aryl group, R7 and are, independently, hydrogen, an alk/ group, 
or an aryl group. X ia oxygen, sulfur, or a nr- group where R' te hydrogen, an alkyi, or an aiyl group, a - J Y is a 
aryl group; and 
so (b) a charge generating compound; 

wherein the pholoconductlv© element is on an electrically conductive substrate. 

[0010J The organopholoreceptor may be provided in the form of a plate, a flexible belt, a flexible disk, a she 3 . a rigid 
drum, or a sheet around a rigid or compliant drum. In on© embodiment, the organophotoreceptor indudee: ( 1 a pho- 
25 toconducth/e element comprising the charge transport compound, the charge generating compound, the electr • ^ trane- 
port compound, and a polymeric binder and (b) the electrically conductive substrate. 

[0011] In a second aspect, the Invehlion features an electrophotographic Imaging apparatus that compri . (0) a 
light Imaging eomponcni- and (b) the above-described organophotoreceptor oriented to receive light from ig light 
imaging component. The apparactus can further comprise a liquid toner dlspanaer The method of electrophol 1 graphic 

90 imaging with photoreceptors containing the above noted charge transport compounds is also described. 

[0012] In a third aspecL the invcnUon features an electrophotographic Imaging process comprising (a) ap ying an 
electrical ch arge to a surface of the above^lescrlbed organophotoreceptor; (b) ftnagewise exposing the surf* <. 9 of the 
organopholoreceptor to i^diatlon to dissipate charge in sslected areas and thereby fomi a pattem of at least 'lath/cly 
charged and uncharged ureas on the surface; (c) contacting the surface with a toner, such as a liquid toner thai ^eludes 

55 a dispersion Of colorant panldes in an organic liquid, to cnsate a toned Image: and (d) transferring the toned \ nage to 
a substrate. 

[0013] In a fourth aspect, the invention features a charge transport compound having the general formula ( 1 above. 
[0014] The Invention provides suitable charge transport compounds for organ ophotoreceptors featuring a : imbina- 
tion of good mechanical and electrostatic properties. These photoroceptors can be used successfully with liqi I toners 
-#o to produce high quality images. The high quality of the imaging system can be maintained after repeated cv r ing. 

[0015] Other features and advantages of the Invention wiM be apparent from the following description of the irticular 
embodiments thereof, and from the claims. 

[0016] An organophotoreceptor as described herein has an electrically conductive substrate and a photooi I ductive 
element comprising a chjarge generating compound and a charge transport compound having two hydrazor groups 

*s linked through an aryl group. These charge transport compounds have desirable properties as evidence! I oy their 
perfomiance in organophotoneceptors for electrophotography. In particular, the charge transport compoun : s of this 
invention have high chaige carrier mobilities and good compatibility with various binder materials, can be cTC ':5-llnked 
In both the single and niultilayer photoconductrve elements, and possess excellent electrophotographic p -perties. 
The organophotoreceptors according to this Invention generally have a high photosensitiviiy, a low residual otential. 

BO and a high stability with respect to cycle testing, crystalilzation. and organopholoreceptor bonding and strelc ng. Ttie 
organophotoreceptors are particuiarty useful In laser printers and the Uke as well as photocopiera, scanners id other 
Glcctronio devices based on electrophotography. The use of these charge transport compounds is describe: In more 
detail below In the context of laser printer lise, although their application in other devices operating by elect photog- 
raphy can be generalized from the discussion below. 

S5 (001 7] To produce high quality images, particularly after multiple cycles, it is desirable for the charge trans : jrt com- 
pounds to fonn a homotieneous solution with the potymeric binder and reinain approximately homogeneou? i;' diatrih- 
uted through the organophotoreceptor material during the cycling of the material, in addition, it is deairabla tc ncrease 
the amount of charge that the charge transport material , such as a charge transport compound, can accept r idioaled 
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by a parameter known an the acceptance voltage or "V^^."), and to reduce retention of that charge upon scharge 
(rndicated by a parameltr known as the discharge voltage or "V^jg'). 

[0018] There are many charge transport compounds available for electrophotography. Examples of charge ^nsport 
compounds Include, forcKample. pyrazoline derivatives, fluorene derivatives, oxadiazole derlvallves, stilben derfva- 

s tlves, hydrazone derivatives, carbazole hydrazone dertvailves, triaryl amines, polyvinyl carbazole. polyvini' pyrene, 
polyacenaphthylene. or multl-hydra2ons compoLfnds comprising at leasttwo hydrazone groups and at least t* « • groups 
selected from the group i:onsi3tln9 of p-(N.N-dlscub8tituted) aiylamine such as triphenylamine and heterocy : .es such 
as caitoazole, julolidine, phenothiazlne, phenazlne, phenoxazine, phenoxathin, thiazole, oxazole, isoxazole iibenzo 
(1,4)dioxlne, thianthrene. Imidazole, benzothlazole, benzotriazole, benzoxazole, benzimidazole, quinoline, roqufno- 

10 line, quinoxaJine, Indole, Indazote, pyrrole, purine, pyridine, pyridazine, pyrimidrne. pyrazine, triazols, oxadiaz : e, tetra- 
2olo, thiadiazole, benzisoxazole, benzisothfazole, dlbenzofuran, dibenzothlophene, thiophcne. thianaphtheri:, quina^ 
zollne, orcinnoline, Howi?ver, there is a need for other charge transport compounds to meet the various reqi ements 
of particular electrophotography applications, 

[0D19] In electrophotosfrapliy applications, a charge generating compound within an organophotorecepio -ibso/bs 
light to form electron- holt? pairs. These eleciron-hofe pairs can be transported over an appropriate lime fraiiiS under 
a Jarge electric field to discharge locally a surface charge that Is generating the field. The discharge of the I aid at a 
particular location results; In a surface charge pattern that essentially matches the pattern drawn with the 1 1 ht. This 
charge panem then can be used to guide toner deposition. The charge tran^ort compounds described h- ^in are 
especially effective at transporting charge, and In particular holes from the eleclron-hola pairs formed by Ihi - charge 
generating compound. In some embodiments, a specific electron transport compound can also be used alpn* i vlth the 
charge transport oompound. 

[0020] The layer or layers of materials containing the charge generating compound and the charge transf rt com- 
pounds are within an organophotoreceptor. To print a two dimensional Image using the organephotoreceptc r the or- 
ganophotorGceptor has a two dimensional surface for fomiing at least a portion of the Image. The imaging ,»roce8S 
then continues by cycling the organophotoreceptorto complete the formation of the entire image and/or for tlie |.'Ocess- 
ing of subsequent imag(^;!. 

[0021] The organophotoreceptor may be provided in the form of a plate, a flexible belt, a disk, a rigid drum, a sheet 
around a rigid or compliant drum, or the like* The charge transport compound can be In the same layer as th • charge 
generating compound and/or in a diffsrsnt layer from the charge generating compound. Additlonai layers car ^e used 

30 also, as described f urthei- below. 

[0022] In some embodiments, the organophotoreceptor materfal comprises, for example: (a) a charge transi i .rt layer 
comprising the charge transpo rt compound and a polymer<c binder; (b) a charge generating layer comprising th i ■ charge 
genetiating compound and a polymeric binder; and {c) the electrically conductive substrate. The charge transi i ' rt layer 
may bo intermediate between the charge generating layer and the electrically conductive substrate. Alternal vely. the 

35 charge generating layer may be intemTediate between the charge transport layer and the electrically conduci /g sub- 
strate, in further embodiments, the organophotoreceptor material has a single layer with both a chargo transp <" rt com- 
pound and a charge genoratlng compound within a polymeric binder 

[0023] The organophotoreceptors can be incorporated Into an eiecirophotographk: imaging apparatus, suet is laser 
printers. In these devices, an image is formed from physical embodiments and converted to a light Image that Is * ::anned 

4<» onto the organ ophotorec^»ptor to form a surface latent image. The surface latent image can be used to anr ^:t toner 
onto the surface of the organophotoreceptor. In which the toner Image is the same or the negative of tha lig image 
projected onto the organophotoreceptor The toner can be a liquid toner or a dry toner. The toner is subs: quently 
transferred, from the surface of the organophotoreceptor. to a receiving surface, such as a sheet of paper, '.rter the 
transfer of the toner, the entire eurfaoe Is discharged, and the material is ready to cycle again. The imaging a : )aratus 

^ can further comprise, tor example, a plurality of support rollers for transporting a paper receiving medium a • J/or for 
movement or the photorecsptor. a light Imaging component with suitable optics to form the light Image, a iigh source, 
such as a laser, a toner source and delivery system and an appropriate control system. 

[0024] An electrophotofjraphic imaging process generally can comprisQ (a) applying an electrical charge to 1 1 surface 
of the above-described oiganophotoreceptor: (b) imagewise exposing the surface of the organophotoreceptc to radj- 
so ation to dissipate charge in selected areas and thereby fomr^ a pattern of charged and uncharged areas cn the .urface; 

(c) exposing the surface with a toner, such as a liquid toner that includes a dispersion of colorant particles in ai >rganic 
liquid to create a toner imago, to attract toner to the charged or disc^argod regions of the organophotorecep or; and 

(d) transfemng the tonsr image to a substrate. 

[0025] As described herein, an organophotoreceptor comprisafi a charge trensporl compound having the i u-mula 

55 
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where Ri i8 aearbazolG group, a julolldine group, or a p-(N,N-dlsubstituteci)ary(aminG. Rg, Rg, R4, R5 ami Rq are, 
IndependQntJy, an alkyi group or an aryl group, R7 and Rg are. independently, hydrogen, an alkyi group or an ar. group, 
X Is oxygen, sulfur, or a NR* group where R* is hydrogen, an alkyi, or an aryl group, and Y is an aryl group. 
[0026] Substmjtlon Is liberally allowed on the chemical groups to eTfeci various physical errects on the prop.rtiBs of 
the compounds, such as mobility, sensltivfty. solubility, stability, and the like, as Is known generally in the 8ii. In the 
description of chemical jubstlluents, there are certain practices common Lo the art that are rBfJeded in tl"i' use of 

so language. Theterm group indfcates that the generically recited chemical entity (e.g., alkyi group, phenyl group, l lolidine 
group, (N,N-disubstituted) arylamlne group, etc.) may have any eubstftuent thereon which fe Consistent with e bond 
structura of that group. For example, where the tenn 'alkyi group' is used, that temi would not only include unsu . stituted 
linear, branched and cyclic alkyls. such as methyl, ethyl, isopropyl. ten-buiyl, cyctohexyl, dodecyl and the like, ut also 
subsiitutents such as hydroxyethyl, eyanobuiyl, 1 ,2.3-trichloropropane, and the like. However, as is consle .nt with 

25 euch nomenclature, no ©ubeiitulion would be Included within tho term that would alter the lundamontal bond . . -ucture 
of the underlying group. For axample, where a phenyl group Is recltsd, substitution such as 1-hydroxyphenyl, J: ^Huor- 
ophenyl, orthocyanophenyl, 1 ,3,5-trimethoxyphenyl and the Ilk© would be acceptable within the torminoloij ; while 
substitution of 1 ,1 ,2,2,3,3-hexamethylphBnyl would not be acceptable as that substitution would require the r : g bond 
structure of th© phenyl gnjup to ba altered to a nonaromatic form because of the substitution. Simllariy, when ferring 

50 to carbazole group or julolidine group, the compound or substllutent cited will Include any substitution that •< igs not 
substantively alter the chii>mical nature of the carbazole ring or the julolidine nng in the formula. When referr 1 3 p-(N, 
N-dJsubstrtut9d)arylamrne group, tho two substituents attached to the nitrogen may be any group that will not :* ibstan- 
tively alter the chemical nature of the amine group. Where the term moiety is used, suoh as alkyi mofety ci phenyl 
moiety, that terminology indk^ates that the chemical material is not substituted. Where the term alkyi moiety 1-; used, 

^ that term represents only an unsubstituted alkyi hydrocadOon group, whether branched, straight chain, or cyt . 7. 

Organophotoreceptora 

[0027] The organophotoreceptor may be, for example, in the fomi of a plate, a sheet, a flexible belt, a disl ; a rigid 

^ drum, or a sheet around a rigid or compliant drum, with flexible belts and rigid drums generally being used in cor \ nercial 
embodiments. The organophotoreceptor may comprise, for example, en electrically conductive substrate an on the 
electrically conductive substrate a photoconductlve element in the form of one or more layers. The photoco i.iucth/e 
element can comprise born a charge transport: compound and a charge generating compound in a polymeric jinder. 
whch may or may not be in the same layer, as well as an electron transport compound in some embodimci ts. For 

4« example, the charge transport compound and the charge generating compound can be In a single layer. I 1 other 
embodiments, however, tiia photoconductlve element comprises a bllayer construction featuring a charge ge • stating 
layer and a separate charge transport layer. The charge generating layer may be located Intermediate betv i.en the 
electrically conductive sutjstrata and the charge transport layer. Alternatively, the photoconductlve element m / have 
a structure In which the chaige transport layer Is Intermediate between the electrically conductive substrate .-nd the 

^ charge generating layer. 

[0028] The electrically conductive substrate may be flexible, for example In the form of a flexible web or s lelt, or 
Inflexible, for example in the form of a drum. A drum can have a hollow cylindrical structure that provides for att^ "ihrncnt 
of the drum to a drive tha; rotates the drum during the imaging process. Typically, a flexible electrically con luctlve 
substrate comprises an oloctrically insulating substrate and a thin layer of electrically conductive material on-» which 

^ the photoconductlve material is applied. 

[0029] The electrically insulating substrate may be paper or a film fonning polymer such as polyester (e.g.. )lyeth- 
ylene terepthalate or polyethylene naphthalate), polyimida, polysuffone, polypropylene, nylon, polyester, : ilycar- 
bonate, polyvinyl resin, polyvinyl fluoride, polystyrene and the like. Specific examples of polymers for support r g sub- 



5 

>A6E 9/38' RCVDATJ^2/2004 1:13:01 PM ^^^^^^ 



12/22/2004 12:16 FAX 6123499266 PATTERSON THUENTE SKAAR ©010 



&0 



25 



EP 1 418 469 A2 

strates included, for example, poiyeThensuifone (Stabar^** S-1 00. available from ICI). polyvinyl fluoride OedJii^ 5). avail- 
able from E.I. DuPont dis Nemours & Company). polyblsphenol-A polycartsonate (MaKrofof™. available fro ' Mobay 
Chemical Company) and amorphous polyethylene terephthalate (MelinarTw, available from ICi Americas, r -.). The 
electrically conductive m-atorials may be graphite, dispersed carbon black, iodide, conductive polymers such polypy- 
5 roles and Calgon® conductive polymer 261 (commsrcially available from Gaigon Corporation, Inc., PIttsbu • h, Pa.), 
metals such as aluminuni, titanium, chromium, brass, gold, copper, palladium, nickel, or stainless steel, orrrn^ ai oxide 
such as tin oxide or indium oxide. In embodiments of particular interest, the electrically conductive material is a mmum. 
Generally, the photoconductor substrate has a thickness adequate to provide the required mechanical sta: Illy. For 
example, flexibia web sutastraies generally have a thickness from about 0.01 to about 1 mm, while drum s i'>strates 
10 genaralJy have a thickness of from about 0.5 mm to about 2 mm. 

[0030] The charge generating compound m a material which Is capable of absorbing light to generate charge . arrlers. 
such as a dye or pigment. Non-limlting oxamples of suitable charge generating compounds Include, for example: , metal- 
free phthalocyanlnes (e.g.. SLA 8034 metal-free phthafocyanlne availabiefrom H.W. Sands, Inc. or Sanyo Coh . Works, 
Ltd., CGM-X01). metal phlhalocyanines such as titanium phthalocyanine, copper phthalocyanlne, oxytltaniun- • hthalo- 
cyanlne (also referred to as titanyl oxyphthalocyanine, and including an/ crystsilMne phase or mixtures of C'.stallina 
phases that can act as a charge generating compound), hydroxygailium phthalocyanrne, squarylium dyes . nd pig- 
ments, hydroKy-substitut<5d squarylium pigments, perylimldes. poly nuclear qui nones available from Allied Ciemicat 
Corporation under the tradename indofast® Double Scarfet. Indofast® Violet Lake a. (ndofast® Brilliant Sc; let and 
Indofasl® Orange, quinacridones available from DuPont under the tradename Monastraf™" Red, Monastral' ' Violet 
and Monastra^M Red naphthalene 1,4.6,8-tetracarboxylk; acid derived pigments Including the perlnones. li.Taben- 
zoporphyrins and tetranisphthalopoiphynns, indigo- and thioindlgo dyes, benzothioxanthene-cJerivatives, i srylene 
3,4,$,1 0-tetracarboxyile eold derived pigments, polyazo-pigments Including bisazo*. trieazo- and tetraklea2o-p ments, 
polymethine dyes, dyes containing quinaroiine groups, tertiary amines, amorphous selenium, selenium afloy* uch as 
selenium-tellurium, sQlanlum-tellurium.arsenlo and selenium-arsenic, cadmium sulphoaelenide, cadmium x ilenlde, 
cadmium sulphide, and mixturee thereof. For some embodiments, the charge generating compound comprle ; j oxyti- 
tanlum phthalocyanlne (e.g., any phase the reof^. hydroxygaKium phthaiocyanine or a combination thereof. 
[0031] The pholocondiictlve layer of this invention may contain an electron transport compound. Geners ly. any 
electron transport compound known in the art can be used. Non-ilmlting examplj^s of suitable electron transp! tcom- 
pound include, for exampie, bromoanlllne, tetracyanoethylene, tetracyanoqulnodimethana. 2,4,7'trinitro-9-flUi i-Bnono. 
ao 2,4,S.7-tetranitro-9>fJuorenDne. 2.4,6.7-tetranitroxanthone, 2.4,6-trinitrDthioxanthone, 2.6,e-trinftro-lndeno4M indeno 
[1.2-b]thiophene-4-one, and 1 ,3,7-trinltrodlben2o thiophene-5.B-dloxlde, (2,3-diphenyl-1-lndenyKdene)malo ' mftrile. 
4H-thiopynan-1 .1 -dioxide and its derivatives such as 4-dloyanomethylene-2,6-dipheny|-4H-thlopyrHn-1 .1-dioxiiiS, 4-dj- 
oyanomethyien©-2,6-dl-nvtolyi-4H-thiopyran-1,1 -dioxide, and unsymmetrlcally substituted 2,6-diaryl-4H-th pyran- 
1 , 1 -dioxide such as 4H-1 , 1 -dloxo-2-{p-isoprDpyIphenyO-e-phenyl-4-(dicyanomethylldene)thlopyran and 4H-1 , 1 dloxo- 
*5 2-(p-isopropylphenyl)-0-(;Mhlenyl)-4-{dicyanomethylldene)thiopyran, derlvath/es of phospha -2,5-cyclohe:: idione. 
alkoxycarbonyl-9-fluorenyiidene)malononitrilB derivatives such as <4-n-hutoxycarbonyl-g-fluorenyiidene)mato • ■ tnrtrifei 
(4-phenethoxycarbonyl-9-fiuoranyl idene)malononitrile, (4-carbitoxy-9-fluor©nyiidene)malonohitriie, and diei yl(4-n- 
butoxy carbonyi-2,7-dinltro-9"fluorenyHdene)-malonate, anthraquinodlmethane derivatives such as 11 .11 .12, :-tetra- 
cyano-2'alkylanthraquino<djmethane and 11,11-dicyano-12,12-bls(ethoxycarbDnyl)anthraquinDdimathQne. £ i.throne 
4e derivatives such as l-chloroO 0-[bls(ethoxycarbonyl)methyiene]anthrone, l,S-d[chlora-iO-[bjs(ethoxycarit>oni I meth- 
yiene]anthrone, 1 ,8-dlhydroxy-1 0-[bis(ethoxycarbonyl)methylene]anthrone. and 1 -cyano-1 0-[bi8{ethoxyc bony!) 
methylene)anthrono. 7-nl1ro-2-a2a-9-fluroenylidene-malononitriio, diphenoqulnone derivatives, benzoquinonc Jer/va- 
tlves. naphtoqulnone derivatives, quinine derivatives, tetracyanoGthylenecyanoethyJene. 2A8-trlnltrothioxant< • e, dln- 
itroben2ene derivatives, dtnitroanthracene derivatives, dinltroacridlne derivatives, nitroanthraquinone derfvaci' " S; din- 
itroanthraqulnone derivatives, succinic anhydride, meleic anhydride, dibromo maleic anhydride, pyrene der^ atlvee, 
carbazole derivatives, hydfazone derivatives. N,N-diaikyianiline derivath/es, diphenylamlne derivatives, tripher.} amine 
derivatfves, triphenylmethane derlvalives, tetracyano quinoedime^hane, 2,4,5,7-letraniiro-9-fluorenone, 2,4.7 • 'Initm- 
9-dleyanomethylene fluorenone. 2,4.5,7-tetraniEroxanthono derivatives, and 2.4,8-trinltrothloxanthone derive, res. In 
some embodiments of Inierest, the electron transport compound comprises an (alkoxycafbonyl-9-f luoren / idene) 
*o malononitrile derivative, such as <4-n-butDxycarbonyl-0-fluorenyMdGne)malononilrile. 

[0032] An electron transport compound and a UV light stabilizer can have a synergistic relationship for p ividing 
dea/red electron flow withm the photoconductor The presence of the UV light stiibilizore altera the electron ti ; nsport 
propertifls of the electron transport compounds to improve the electron transporting properties of the compo ' :e. UV 
light stabilizers can be ultr-avioiet light absorbers or ultraviolet light inhibitors that trap free radicals. 
S5 [0033] UV irght absorbers can absortj ultraviolet radiation and dissipate it as heat UV light inhibitors are Ih* • rght to 
trap free radicals genarahsd by the uttravioiet light and after trapping of the free radk^is. subsequently to reg ■ lerate 
active stabilizer moieties with energy dissipation. In view of the synergistic relationship of the U V stabilizers with . : actron 
transport compounds, the particular advantages of the UV atabifizers may not be their UV stabilizing abilities, e i . lough 
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the UV stfibilizing ability may be further advantageous in reducing degradation of the organophotoreceptor rv>er time. 
While not wanting to be limited by theory, the synergistic relationshrp contributed by the UV stabilizers may h i related 
to the eieclronlc properties of the compounds, which contribute to tfie UV stabilizing function, by further ccr tributing 
to the establishment of electron conduction pathways in combination with the electron transport compounc .: . In par- 

5 ticular, the org anophoto receptors with a combination of the electron transport compound and the UV stat i:izer can 
demonstrate a more stable acceptance voltage with cycling. The improved synergistic performance c i organo- 
photoneceptors with layssrs comprising both an elsctron transport compound and a UV stabilizer are describ * i further 
in copending U.S. Patent Application Serial iMumber 10/425.333 filed on April 26, 2003 to Zhu. entitled "Or..inopho- 
toreceptor With A Light Stabilizer," incorporated herein by reference. 

w [0034] Non-limiting examples of suitable light steblizer include, for example, hindered trialkylamines such s - Tinuvrn 
144 and Tinqvin 292 (frc»m Giba Specialty Chemicals, Tenytown, NY), hindered alkoxydialicylamlnes such Tlnuvln 
123 (from Ciba Specialty Chemicals), bonzotriazoias such as TInuvan 328, Tlnuvln 900 and Tlnuvln 928 (inm Ciba 
Specialty Chemicals), benzophenones such as Sanduvor 3041 (Itom Clariant Corp., Charlotte, N.C.), nic.el com- 
pounds such as Arbestab (from Robfnson Brothers Ltd, West Midlands, Great Britain), salicylates, cyanocin • amates, 

1^ benzylidene maionates, benzoates, oxanlildes such as Sanduvor vsu (from Clariant Corp., Charlotte, N.C.) iriazines 
such as Cyagard UV-1164 (from Cytec Industries inc., N.J.), polymeric stericaily hindered aminas such a? .uchem 
(from Atochem North A^-nerica, Buffalo, NY), in some embodiments, the fight stabilizer is selected from ii ^ group 
consisting of hindered trialkylamines having the following formula: 

£0 



ss 




where R^. R^, Rg, R4, Rq, R7, Rq. R^{>, R^^, R^^. ^13. Ris ^^le independently, hydrogen, alkyi group ir ester, 
or ether group; and R3, Rg, and are, Independently, alkyl group; and X is a Uniting group selected from 1 i 3 group 

30 consisting of -0-CO-(CK;)^-C0-O- where m is between 2 to 20. 

[0035] The binder generally is capable of dispersing or dissolving the charge transport compound (In the ci 1 1 e of the 
charge transport layer or a single layer construction), the charge generating compound (in the case of th : ■ charge 
generating layer or a single layer construction) and^or an electron transport compound for appropriate embc • iments. 
Examples of suitable binders for both the charge generating layer and charge transport layer gsnerally im: jds, for 

^ example, polysiyrene-co-butadiene, polystyrene^co- acrylDnitrilB, modifiGd acrylic polymers, polyvinyl acetate .tyrene- 
alkyd resins, soya-alkyl resins, polyvinylchloride, po<yvinylldene chloride, polyaoiylonltriie, polycarbonates, p . .yacryiic 
acid, poiyacrylates, polymethacrylales, styrena poiymsrs, polyvinyl butyral. alkyd resins, polyamides, polyu ethanes, 
polyosters. polysulfones, polyethers, polyketones, phenoxy resins, epoxy resins, silicone resins, polysiloxa- 2s, poly 
(hydroxyether) resins, polyhycfroxyslyn^ne resins, novolak, poly(phenylglycidyl Gthar)-cD-dicyclopentadien€ copoly- 

40 mers of monomsrs used in the above-mentioned polymers, and combinatlone thereof. Suitable binders Ini; jde. for 
example, polyvinyl butyral, such as BX-1 and BX-5fomi Seklsui Chemical Co. Ltd., Japan. 

[0036] Suitable optional additives for any one or more of the layers include, for example, antioxidants, .oupilng 
agents, dispersing agenrs, curing agents, surfactants and combinations thereof . 

[0037] The photoconductlve element overall typically has a thickness from about 1 0 to about 45 microns. If )he duaf 
^ iayerembod Iments having a separate charge generatlnglayerand a separate charge transport layer, change gi ^Meration 
layer generally has a tmcKness form about o.s to about 2 microns, and the charge transport layer has a thickr ss from 
abcu( 5 to about 35 microns. In embodiments In which the charge transport compound and ihe charge gi^sieratlng 
compound are in the same layeri the layer with the charge generating compound and the charge transport coi * position 
generally has a thickness from about 7 to about 30 microns. In embodlmente with a distinct electron transpt rt layer, 
so the electron transport layer has an average thk:kne£s from about O.S microns to about 10 microns and In fu ler em- 
bodiments from about 1 micron to about 3 microns, in generat, an electron transport overcoat layer can icraase 
mechanical abrasion rosistance, inoresees resistance to carrier liquid and atmospheric moisture, and decree * es deg- 
radation of the photorecuplor by corona gases. A parson of ordinary skill in the art will recognize that addition ranges 
of thickness within the explicit ranges above are contemplated and are within the present disdosura. 
^ [003B] Generally, for the organophotoreceptors described herein^ the charge generation compound is In ao amount 
from about 0.5 to about 25 weight percent In further embodiments In an amount from about 1 to about 15 weigh 1 oercent 
and in other embodiments In an amount from about 2 to about 10 weight percsnt, based on the weight of tir photo- 
conductive layer. The charge transport compound is in an amount from about 10 to about 80 weight pence, r, based 
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on the weight of the photoconductive layer, In further ambodrmenis in an amount from about 3S to about r D weight 
percent, and In other embodiments from about 45 to about 55 weight percent, based on th© weight of the i lotoeon- 
duotive layer. The optional electron transport compound, when present, can be in an amount of at least aboi r 2 weight 
percent, In other embodiments from about 2.S to about 25 weight percent, based on the weight of the photoc • • nductJvo 

s layer, and in further embodiments In an amount from about 4 to about 20 weight percent, based on the we i .ht of the 
photoconductive layer. The binder Is In an amount from about 15 to about fio weight percent, based on the i^eight of 
the photoconductive layisr, and in further embodiments In an amount from about 20 to about 75 weight percc 't, based 
on the weight of the phoroconductive layer. A person of ordinary skill in the art will recognize that addltlor .1 ranges 
within the explicit ranges of composiUons are contemplated and are within the present disclosure. 

10 [0039] For the dual la'/er embodiments with a separate charge generating layer and a charge transport i lyer, the 
charge generation layer generally comprises a binder in an amountfrom about 1 0 to about do woight percent n further 
embodiments from aboul 16 to about 80 weight percent and In some embodiments in an amount ot from al^.iut 20 to 
about 75 weight percent, based on the weight of the charge generation layer The optional electron transport c • mpound 
in the charge generating layer, if present, generally can be J n an amount of at least atxjut 2.5 weight percent ^ further 

»^ embodiments from about 4 to about 30 weight percent and In other embodiments In an amountfrom about 1 .' to about 
25 weight percent, based on the weight of the charge generating layer. The charge transport layer generally < w mprises 
a binder in an amount from about 20 weight percent to about 70 weight percent and in further embodfmi -ts in an 
amount from about 30 weight percent to about 50 weight percent. A person of ordinary skill in the art will . cognize 
that additional ranges or binder ooncentrations for the dual layer embodiments within the explicit ranges i ove are 

so contemplated and are within the present disclosure. 

[0040] For the embodiments with a ©ingle layer having a charge generating compound and a charge trane Drt com- 
pound, the photoconductive layer generally comprises a binder, a charge transport compound and a charge g : laratlon 
compound. The charge cfeneration compound can be in an amountfrom about 0.05 to about 25 weight perC'.Ml and in 
further embodiment in an amountfrom about 2 to about 15 weight percent. basocJ on the weight of the photoc iductive 
layer. The charge transport compound can be in an amount from about 1 0 to about 80 weight percent, in i; hor om- 
faodiments from about 2S to about 65 weight percent, In additional embodimsnts fni^m about 30 td about i. \ weight 
percent and In further embodiments in an amount of from about 35 to about 55 weight percent, based on 1 1-; weight 
of the photoconductive l ayer, with the remainder of the photoconductive layor comprising the binder, and ^ itlonally 
additives, such as any conventional additives. A single layer with a charge transport composition and a chr j-ge gen- 

*P erating compound generiilly comprises a binder in an amountfrom about 1 0 weight percent to about 75 wergh : )ercent, 
in other embodiments frorn aboutzo weight percent to about 60 weight percent and In further embodiments fr ' ti about 
25 weight percent to about 60 weight pendent. Optionally, the layer with the charge generating compounil and the 
charge transport compound may comprise an electron transport compound. The optional electron transport cc ! ipound, 
if present, generally can be in an amount of at least about 2.5 weight percent, in further embodiments from i, out 4 to 

55 about 30 weight peneent and In other embodiments in an amount from about 1 0 to about 25 weight peicent, : ased on 
the weight of the photoconductive layer. A person of ordinary skill In the art will recognize that additional coi i Dosition 
ranges within the explicit compositions ranges for the layers above are contemplated and are within the pn •: ent dis- 
closure. 

[0041] In general, any layer with an electron transport layer can advantageously further Include a UV light ^labilizer. 
In particulsr. the electron transport layer generally can comprise an electron transport compound, a bind* and an 
optional UV light stabilizer An overcoat layer comprising an electron transport compound Is described furtli t |n co- 
pending U.S. Patent Application Serial No. 10/396,536 to Zhu et al. entitled, "Organophotoreceptor With Ar 'iiectron 
Transport l-ayer," Incorporated herein by reference, for example, an electron transport compound as describ : i above 
may be used in the releiise layer of the photoconductors described herein. The electron transport compoind in an 
4s electron transpon layer can be In an amount from about 1 0 to about 50 weight percent, and in other embod tents In 
an amountfrom about 20 to about 40 weight percent, based on the weight of the electron transport layer. A r: :rson of 
ordinary skill In the art will recognize that additional ranges of compositions within the explicit ranges are com : nplated 
and are within the present disclosure. 

[0042] The UV light stabilizer, if present, in any of one or more appropriate layers of the photoconductor jnerally 
is in an amount from about 0,5 to about 25 weight percent and in some embodiments in an amount from a .out 1 to 
ebout 10 weight peroentj based on ihs weight of the particular layer. A person of ordinary skill in the art will r i lognize 
that additional ranges oT c omposltione within the explicit ranges are contemplated and are within th© present dl . closure. 
[0043] For example. ih& photoconductive layer nr»ay be formed by dispersing or dissolving the components, such as 
one or more of a charge generating compound, a charge transport compound, an electron transport compot i d. a UV 
as light stabilizer, and a polymeric binder in organic solvent, coating the dispersion and/or solution on the nrpective 
underlying layer and drying the coating. In particular, the components can be dispersed by high shear homog<< l2ation, 
ball-mllHng, attrrtor milling, high energy bead (sand) milling or other sbre reducticm processes or mixing meai i: known 
in the art for effecting iDaittcie size risduction in forrning a dispersion. 
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[0044] The photoreceptor may optionall/ have one or more additional layers as well. An additional layered t be, for 
example, a sub-layer or an overooat layer, such as a barrier layer, a release layer, a protective layer, or an idhestve 
layer. A release layer or a proiecilve layer may form the uppemfiost layer of the photoconductor element. A ba • • er layer 
may be sandwiched between the release layer and Xho photoconductlve element or used to overcoat the p I otocon- 
s ductive element. The barrier layer provides protection from abrasion to the underlay ens. An adhesive layer loi : tea and 
improves the adhesion between a photoconductlve elemem, a barrier layer and a release layer, or any cor • .jinalion 
thereof. A sub-layer is a charge blocking layer and locates between the oiecLric^tlly conductive substrate anc ne pho- 
toconductlve element. The sub-layer may also improve the adhesion between the electrically conductive 6ub< ' ate and 
the photoconductive element. 

10 [0045] Suitable barrier layers Include, for example, coatings such as crossiinicable siioxanoi-colloldal siiic * coating 
and hydroKylated sllsesquioxane'colloidai silica coating, and organic binders such as polyvinyl alcohol, me\ lyl vinyl 
ether/malelc anhydride copolymer^ casein, polyvinyl pyrrolidone, poly acrylic acid, gelatin, starch, poiyurethar - s. poly- 
Imides, polyesters, polyamrdes, polyvinyl acetate, polyvinyl chloride, polyvinylldsne chloride, polycarbonates, |:3lyvrnyl 
butyral, polyvinyl acetoacetal, polyvinyl formal, polyacrylonltrlle, polymethyl methacrylaie, polyacrylates, poly . nyl car- 

is ba2ole3. copolymers of monomers used In the above-mentionecl polymers, vinyl chlorideA/inyl acetateA/ln^ alcohol 
lerpolymers, vinyl chlorkJe/Vlnyl acetate/maleic acid terpolymers. ethylenaA/inyl acetate copolymers, vinyl i iloride/ 
vlnylldene chloride copolymers, cellulose polymers, and mixtures thereoT. The above barrier layer polymers c :tionally 
may contain small Inorganic particles such as turned sliica, silica, titania, alumina, zirconia, or a comblnatior hereof. 
Barrier layers are described Further in U.S. Patent 6,001 ,522 to Woo et al., entiUed "Barrier Layer For Photoc. iductor 

20 Elements Comprising An Organic Polymer And Silica." incorporated herein by reference. The release laye »pcoat 
may comprise any release layer composition known in the art. in some embodiments, the release layer is afli . rinated 
polymer, siioxano pOlyhHir, ftuorosiliconc polymer, sllane, polyethylene, polypropylene, polyacryiate, or a con i >ination 
thereof. The release layers can comprise crossi inked polymers. 

[0046] The release layer may comprise, for oxampio. any release layer composition known in the arL In s :;ne om- 
2S bodiments, the release Uyer comprises a fluorrnatad polymer, siloxane polymer, fluorosriicone polymer, p< "siiano, 
polyethylene, polypropyUme, potyacrylato, poly(mQThyi melhacrylale-co-mathaciylic add), ureihane resins, n ithane- 
epoxy resins, scrylated-urethane resins, urethane-acrylic rosins, or a combination thereof. In further embodim its, the 
release layers comprise cross linked polymers. 

[0047] The protoctrve layer can protect the org an ophoto receptor from chemical and mechanical degrada i m. The 
so protective layer may comprise any protective layer composition known in the art. In some embodiments, the p • itective 
layer is a fluorinated polymer, siloxane polymer, fluorosilrcone polymer, polysiJane. polyethylene, polypropyle 5, poly- 
acryiate, poly{methyl meiliacrylate-co-meth acrylic acid), urethane resins, urethane-epoxy resins, acryJated- rethane 
resins, urethane-acrylfc n^sins, or a combination thereof. Ir> some embodiments oF particular interest, the releai • • layers 
are crosstinked polymers. 

33 [OtMS] An overcoat layer may comprise an electron transport compound as described further In copenci g U.S. 
Patent Applk:ation Serial No. 10/396.536, filed on March 25, 2003 to 2hu et a), entitled, 'Organoreceptor * /tth An 
Electron Transport Layer," incorporated herein by reference. For example, an etectron transport compound I as de- 
scribed above, may be used in the release layer of this Invention. The electron transport compound in the i ^ercoat 
layer can be In an amoum from about 2 to about 50 weight percent, and in other embodiments In an amount frc i ^ about 

40 10 to about 40 weight percent, based on the weight of the release layer A person of ordinary skill In the art will niiognize 
that additional ranges of composition within the explicit ranges are contempiated and are with in the present cJis : osure. 
[0049] Generally, adhe^^ive layers comprise a film fomiing polymer, such as polyester, polyvlnylbutyrat, pol;< inylpy- 
rolidone, polyurethane, p6iym©thyl methaorylate, pDly(hydroxy amino ether) and the like. 

[OO50] Sub-Layers can comprise, ror example, potyvinyibutyral, organosllanes, hydrolyzabiG silanes, epox/ resins, 
<9 polyesters, polyamides, polyurethanes, silicones and the Uke. In some embodiments, the sub-layer has a dry a I'^kness 
between aboui 20 Angstroms and about 2,000 Angstroms.. Sublayers containing metal oxide conductive parte es can 
be between about 1 and about 25 microns thick. A person of ordinary skill In the art will recognize that addition? 'anges 
of compositions and thIcKness within the explk^rt ranges are contemplated and are within the present disoloa . -e. 
[005t] The charge trans^port compounds as described herein, and photoreceptors including these compoL i .ds, are 
suitable for use In an imaging process wfth either dry or liquid toner development. For example, any dry toi i. rs and 
liquid toners known in the art may be used in the process and the apparatus of thii3 invention. Liquid toner dev(? ( ipment 
can be desirable because it offers the advantages of providing higher resolution images and requiring lowe ' energy 
for imago fixing compared to dry toners. Examples of suitable liquid toners are known in the art. Liquid toners { i nerally 
comprise toner particles dispersed In a carrier liquid. The toner particles can comprise a colorarrt/pigment a reein 
55 binder, and/or a charge director. In some embodiments of liquid toner, a resin to pigment ratio can be from 1 : to 1 0: 
1, and in other embodiments. From 4:1 to 8:1. Liquid toners are described further in Published U.S. Patent Appi :ations 
2002/0128349, entitled "Liquid Inks Comprising A Stable Organosol," 2002/006691 6, entitled "Liquid Inks Co vprising 
Treated Colorant Partidea." and 2002/0197552. entitled ''Phase Change Developer For Lk^uld Electraphoto: aphy," 
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all three of which are innorporated herein by reforance. 
Charge Transport Compound 

5 [0052] As descnbed herein, an organo photoreceptor comprises a charge transport compouncf having the armuia 



io 



) — OH 



(1) 



where Is a carbazoJe group, a juioiidine group, or a p-(N,N-disubstiTuted)ajy!afnino, l=tg, Fig. R4, Hg amr Rg are. 
independenity, hydrogen, an alkyi group or an aryj group. Ry and are. independently, hydrogen, an alkyi : oup, or 
an aryl group, X is oxygc-n, suJfur, or a NR' group where R» Is hydrogen, an alkyi. ©ran aryl group, and Y I.- an aryi 
group. As noted in formula (1 ). Y i& at least trivafent. Non-iimiting examples of trivaient aryl groups that are SL r able as 
^9 Y have the following formulae: 



SO 






40 



45 



[0053] Specific. non-llmiUng examples of suftable charge transport compounds within the general Formula ( 1 1 of the 
present Invention have thi3 foil owing structures. 



so 



S3 
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10 



IS 



so 



25 



30 




38 



Synthesis of Charge Transport Compounds 

[0054] In general, the charge transport connpounds can be prepared as two precunsons, each having a hy :!*azone 
group that are then reacted to form the chaipe transport compound. SpeciFically, ono precursor can ba forr . with 
the structure 



43 



so 




59 

where R^, and are selected to yield the desired specific structure) within the general structure of ton- Jia (1) 
above. The second precursor has the structure 
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where R3, R4, Rg, Rg, and X are selected to yield the dfsslred specific structure within the general framework c I formula 
^0 (1) above. The active hydrogen on the X group adds to the epoxy group to fomi the product under alkaline ''iitalysls 
for an epoxy reaction. 

Syrtthesis of Hrst Precursor Of Fortnula (71 

^5 [0055] The charge tranpport compounds with a nydrazone bonded to the epoxy group generally are syntht Ized by 
forming tho desired substituted hydrazone, which is rsacted at the secondary amine to fomn the ©poxy grou : in par- 
ticular, the aromallc-subsiituted secondary amine reacts with the eplchlorhydrln by way of the active hydrog: 1 of the 
eecondary amine In a base catalyzed reaction to form the epoxy group with a -Gh^- group between the epo • / group 
and the amine. The hydra2one is formed from Ihe reaction of an aryl substituted hydrazine wrth an aldehyde <• ketone 

so having a N.N-dlsubstitutcjd arylamine. as describe further below. Suitable hydrazines and arylamines are cr scribed 
further below. 

[0056] The aromatic-substituted hydrazine supplies the Rg group from formula (7) above, and an N.N-disu : stituted 
amino aryl substituted aldehyde or ketone supplies the group of fonnura (7). In the reaction of the aid-? lyde or 
ketone with tho hydrazine, the oxygen of the aWehyde/ketonc group Is replaced with the double bonded canism. 

Hydrazines 

[0057] The synthesis of some representative hydrzrnes is described in the following. 
30 1 .1-Dinaphthvlhydrazine 

[0058] 1J-Dlnaphthylhydrazlne can be prepared acconJing to the procedure described in Staschkow, L.I.; I latevo- 
syan, R.O. Journal of the General Chemistry (1984) 34. 136. which is incorporated herein by reference, A sut , enslon 
of 0.07 mole of the naphthyl nitrosamlne in 76Q ml of ether is cooled to 5-B "C and treated with iso g of 2 rc duet. 
Acetic acid (70 ml) is then added drop wise with stirring. To complete the reaction, 40g of zinc dust Is adc • d. The 
reactton mixture is heated and filtered f ram the sludge. The mother liquor la washed with 1 0%sodium carbonate . olution 
and dried with solid KOH The ether Is distilled off to give ths crystalline hydrazine, which is ciystallrzed fronr tthanol 
or butanoi. Other symmeiiilc disubstltuted hydrazines can be synthesized based on an equivalent process. 

N-Phenyl-N-sulfolan-a-yltiydrazlne 

[0059] N-Phenyl-N-suffolan-S-ylhydrazlne can be prepared according to the procodure described in Gre€i Britain 
Patent No. 1,047,525 by Wason, which Is incorporated herein by reference. To a mixture of 0,5 mofe of bi; adiene 
suifone (commercially available from Aldrich, Milwaukee, Wl) and 0.55 mole of phsnylhydrazine (commercJally ^ ailable 
45 from Aldrich, Milwaukes, Wl) was added 0.005 mole 40% aqueous potassium hydn^xide solution. The mlxii"e was 
kept for Z hours at 60"C whereupon a solid separated. After 10 hours the solid was filtered off to give N-p 1 >nyl-N- 
suirolan-3-ylhydrazlne (55i%) having a melting point of 120-121"C (MeOH). 

N'Pyrrol'2>Vl''N-phenylh;^drQzine 

so 

[0060] N-Pyrrol-2-yl-N-phenylhydrazine can be prepared according to the procedure described in Japanes • Patent 
No. 06146210 by MyamoTO, incorporated herein by reference. 

1 -PhenyM -(1 -benzyM H- t etrazol-5-y I) hydrazine 

55 

[0061] 1-Phenyl-1-(1-b€)nzyl-1 H-tetrazol-S-yOhydrazine can li>e prepared according to the procedure desc I'bed In 
Tetrahedron (1983). 39(1*5), 2599-60B by Atherton et al., incorporated herein by reference. 
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N"(4>Stnb6nvi>.M>phenvlhvdra2lne 



10 



IS 



M ofS N;(4-Sl^beny can be prepared according lo the procedure described fn 2h. o • i Khjm 

(19673. 3(9), 1605-3 by Matevosyan et al., incorporated harein by reference. Following this procedure, to a r.- Vture of 
phenylhydrazine (97 g, 0.9 mole, commerclafry available from Aldrlch, Milwaukee. WI) and p-chlorostilben< 21 4 a 
0.1 mole, commercially avarlable from Spectrum Quality Products, fnc. Gardena, CA; Web: www.spectrumt -emlc^' 
com) heated to boiling (temperature, sodium was slowly added until there was no more dtechajpe of redo> Dration' 
After boiling for soma time the mlxtune was dissolvod in 1750 ml of ethanol and cooled to - 15 -C The pre* oitated 
product was recryetafll^ed to give 28% of N-(4-stilbenyl)-M-phenylhydra2ine. 

N-fS-Ben^otriazolyD-N-prienylhydrazine 

[0063J N-(Sj)enzotrla2olyl>-N-phcnylhydna2ine can be prepared according to the procedure that follows. To : nixture 
of pheny^hydrezine (97 g, 0.9 mole, commerciaJly available from Aldrlch. Milwaukee. WI) and 5-chlorobonz • riazole 
^If; - * . ^ • commGrclany available from Aldrlch. Milwaukee. wi) heated to boiling temperature, sodium ' siowlv 
added until there is no nriore discharge of red coJoratlon. After boiling for some time the mixture \& cooled roorn 
temperature. TTia product is Isolated and purified. 

N-Phenyl-N-sulfolan-3^viriydrazin0 

20 

^^^.^^l ^,'^-^';i^"yl-^-^^^^f"'^"-3-y'hydra2lnG can be prepared according to the procedure described In Gree' Britain 
!;^°' ' I ^ incorporated herein by reference. Following thi.s procedure, to a mixture of C > mole 

of butadiene sutfone (commercially available from Aldrlch. Mirwaukee, WI) and 0.55 mole of phenyihydrazlr- (com- 
merclally available from Aldrfoh. Milwaukee. WI). a 0.005 mole 40% aqueous potassium hydroxide solution wa^ ,dded 
^ keptfor5^ hours at BO 'C whereupon a solid eeparated. After 10 houre the eolld was filtered o1 o give 

N-phanyl-N-sulfolan-3-ylhydrazine (I) (93%) having a melting point of 1 1 9-20 -C (MeOH). 

N^-r(9H-fluore n'9^idene)bQn2vH-N-phefivlhvdra2inQ 

30 [0065J N^-[(9H-fluoren-<^y|ldene)ben2yfl.N-phenylhydra2ine can be prepared according to the procedui^ s i illar to 
that described in Zh. Org. Khim. (1967), 3(9). 1605^ by Matevosyan et al., incorporated herein by reference. R owing 
this procedure, to a mixturo of phenyihydrazine (97 g, 0.9 mole, commercially available from Aldrlch. MiiwauJ. • ^ WI) 
and p-9.(4<5hioroben2yiidtjne)f!uorene (28.9 g, 0.1 mole, commercially available from from Aidrteh. Milwauk* 7 WI) 
heated to boiling temperature, sodium was alowly added until there was no more discharge of red coloratio ' After 

9S boiling for some time the mixture was dfssohred in 1 750 ml of ethanol and cooled to -1 5 "C. TTie precipitated ■ oduct 
waa recrystaiiized to give N-4-r(9H-fluoren-9-ylidene)ben2yl]-N.phenylhydra2lne. 



40 



45 



5-MBthvl-1-Phenyl-3-(l-PhenylhydrazinQ)-PvrazQle 

[OOGG] 5.Methyl-1-phenvl-3-(1-phenyihydra2ino)^>yra20le can be prepared according to the procedure desc i )ed in 
J- Chom. Soc. C (1971). (12), 2314-17 by Boyd et al.. Incorporated herein by reference. 

4-Methvlaul fonvlphenvihvtirazine (Registry Number 877-66-7) 

[0067] 4^Methylsulfonyiphenylhydrazlne Is commercially available from Rsher Scienllfte USA. Plttsbunj-, PA 
(1-800-766-7000). r , 



1 ,1 WSulfQnvldl-4.1-phenvk ine)bishydrazIne (Registry Number 1405g-6&4) 

[OOee] 1 ,1 '-(Sulf onyldl-4, 1 -phenylene)bi3hydrazlne dihydrochloride is commercially available from Vitas-M M • 
Russia-, (Phone: 7 095 939 5737) 

Arylaldehydcs 

[0069] Representative arylaldohydes for reacting with the hydrozon&s can be obtained as follows. 
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Symhesla Of Julolfdine Afdehyde 

Jr„' nMP^inn° «""'"«^"V Obtained from AWrich Chemicals Co. Milwaukee, Wl S3 : was 

- w2 coSJto ^-C fn^L^^^^ '^'^ ^"""^^ ^ ^-^^ "ottom flask e S 

was cooleol to o c in I09 Irath. P0CI3 (1 07 g, 0.7 mole, Aldrlch) was added drop wise while KeeDlna the te,r , ZaufJl 

? r,^- T'"*^^ °' completed, the flask was warnied to room tempS.rf a^ pi ed SI 

s earn bath while stirring for a period of 1 hour. The fla.k was cooled to room temperatl anS theiSiJlTn S addeS 
slowly to a large excess of distilled waierwith good agitation. Stirring was continued for aSona^ Sour^^"'fSnH 

other Arvl Aldehydes 

w L^^^in f "i^'^ commercially available (N.N-dlsub«tiluted)anrfamlne aldehydes are available fomi Aldrlch . 1 iiiwau- 
Sh!!^L a"^'')S' 'T^^^^^^^ 

aldehyde. Also, the synthasle of N.ethyi-3.6^|fonmytearija2oie is decnbed Ltow In the examples. ^ 
Synthesis of Hydrazones 

^ Iril^^ appropriate aromatic aldehyde/Ketonetoftormadaslredhydrezo™ hama 

Lidt;"mratr'".:f;°"'^ 

f^^J^K f-^T ^ I ! """"""^ °' ^'^^ hydrazine and aromatic aldehyde, the mixture can be 1 . fZZ 

for about 2 hours to about 16 hours. The Initial product oan be purified by recn^sialiJiio;. The eyn^e^s of .|^t^2 

|l!?7thlJ" ^"/"^ «'«'»°'^'7»n». the hydrazines may be obtained Jn an acidified hydrochloride fom,. as noted .-bove 
For these embodiments, tl^e hydrazine hydrochloride can be reacted with an aqueous carbonate ba^e wSf v^^a 

wJi on« m« ! ^ h^^;"" ^i^T'^'u ""^ ""'^ ''^'^^"'"^ °' 2 * '"^'^ potassium carbonate for embo< -^^Z 
with one mole of hydrazine dihydrochloride per mole hydrazine. Some specifte examples ai« presented belo^ 

Synthesis of S econd Precursor of Fomiula (8) 

n^tL^^i^^^fl^^^Z second precursorcan be performed by reacting a hydrazine wfth an aminoaryl aid . lyde 
The synthesis of suitable hydrazines is described above. Suitable amlnoafyl aldehydes have a hydroxyl ™^up • thiei 
gniup or a second amino group to react with the first precursor. Some suit^ie aminoaryl aWehX are ^m 
?^^1^L^Z:IT:^VT'::^TI''1''^ Won^.-8-hydn»cyjulo»dine are avallab7e f.*m ^2'^. i 
SS^si^rmln^^fw?, ^"^H^- <tescribedfor one embodiment In Example 1 1 ,.|ow 

E eJln 2r«r!7 h'" 1°* described further by way of the following illustrative and non-llmitiTg exa pies. 

^ "'^"^'^ ^ illustrative of specflic materials falling within the broader disclosu ■ pre 

sented above and are not to be viewed as limiting the broader disclosure In any way. 

EXAMPLES 

■** Example 1 - Synthesis of Charge Transfer Compound Preoureore 

LmI!LI!!ic ^T^X leecrlbed ir,e synthesis or several iritBrmediates used in the sysnthesi, of several s -.^iflc 
nJ^^rr^Se ' compounds. The sytheste of the charge transfer compounds Is described Tthe 

Preparetion of 4-(diethyiflrmnn}Boii oviaidehvde N.N-dtohenvlhvdrHzone. 

Ss in™: rrex:,;";:'''' ^ '''' ^ ^-^^^ ^^^'^^ p--^ - 

^ N.N-diphenylhydrazlne hydmchloride (79.5 g, 0.36 mol. commeicially available from A ,l-ich 

SJ^il'ii!^^ ^^Z"^^ ^ °' 4-(diethylamino)saiicylardehyde (58.0 a 0 : 

comrnarelaHy available from Aldrich. Milwaukee. Wl) In ethanol (500 ml) tofom, a reaction mixture The reaction m mre 
was refluxed until all aldehyde reacted. whlchtookaboutO.S h.TT,en. the solvent was evaporated /Ier7helio ■ Jon 
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of the solvent (600 ml), tha residue was treated wfth ether (ethyl ether). Tha ether esftrad was washed with \ . rter until 
the pH of the wash water was neutral. Th& separated organic liquid was dried over anhydrous magnesfum -ulphate, 
treated with activated charcoal and filtered. The solvent was then removed, and ethanol was added to the i rsidue to 
crystallize the product. 4-(Diethviamino)salicylaidehydc N,N-diphenyl-hydrazone {B5 g; 78.6 %) was filters off and 
washed with ethanol. The obtained hydrazonc was recryataliizad from the mixture of 2-propanol and ether -1) The 
product was found to h^we a meiting point of ^S.S-SB.SOC following recrystalizatlon. A proton NMR spec: urn* was 
obtained for the product The^HNMR spectrum (100 MHz. CDCfg) had the following peaks ppm- 11 Rl (5 1H)- 
7.55-6.95 (m. 11 H): 6.7 (d, ^8.6 Hz; 1H); 6.23 (s. 1H); 6.1 (d. Jt=8.6 Hz. 1H); 3.3 (q. JtS.O Hz, 4H); 1.1 (t. . -.8.0 Hz* 
6H); where s is singlet, d Is doublet, m is multiples q is quartet, t is triplet. An elemental analysis yielded, %: 5 76.68; 
H 7.7S; N 11 .45. CaaHggNaO has a calculated elemental distribution of. %: C 76.65; H 7.01 ; N 11 .69. 

Preparation of 4-(DiphQn vlamlno)benzaldehvde-N-2. S-epoxypropyi-N-Phenylhydra^Qne 

[0079] Phenylhydrazinej (0.1 moie, commerciariy available from Aidrich, Milwaukee, Wl) and 4-(Diphenylan- i io) ben- 
zaldahyde (0.1 mole, avnilabie from Ruka, Buchs SG. Switzerland) were dissoh/ed in 100 ml or isopropano- .-^ a 250 
mi 3-necJ< round botiom fiask equipped with reflux condenser and mechanical stirrer. The solution was reflD ad for 2 
hours. Thin iayerchromatography indicated the disappearance of the starting materials. Attheendof the rea' Ion the 
mixture was cooled to room temperature. The 4'(dlphenylamino) benzaidehyde phenyl hydraione crystals th» 1 formed 
upon standing were niter£!d olT and washed with isopropanol and dried In vacuum oven at 5Cy»C for 6 hours. 
[OOao] A mixture of 4-(diphenylamino) benzaidehyde phenylhydrazone (3.6 g , 0.0I mole), B5% powdered p. - assium 
hydroxide (2.0 g , 0.03 mole) and anhydrous potassium carbonate in 25 ml of epichlorohydrin was stirred v \ Drously 
at S5-60*C for 1.S-2 hours. The course of the reaction was monitored usingthln Iayerchromatography on sill ' igel 60 
F2S4 plates (commercially available from Merck. Whitehouse Station, NJ) using 1 A v/v mixture of acetone anj lexane 
as cluant. After terminaticn of the roaetion , the mixture was cc^oled to roonn temperature, diluted with ether, anc • vashQd 
with water until the wash water had a neutral pH. The organic layer was dried over anhydrous magnesiun sulfate, 
treated with activated ch.arcoal and filtered. Ether was removed and the residua was dissolved In a 1:1 vo 1 -no per 
volume mixture of toiuen.> and Isopropanol. The crystals formed upon standing were filtered off and washed \ ith iso- 
propanol to give 3.0 g of product (71.4% yield) with a melting point of 141-142.S'>C. The product was recr>! ralyzed 
from a 1:1 mixture of toluene and isopropanol. The product was characterized with 'H-MMR In CDCLa (2Sii aHz In- 
strument) with peaks observed at the following delta values In ppm; 7.65-6.98 (m, 19H) . 6.93 (t, J« 7.2Hz. 1 •') 4 35 
(dd , 1 H) , 3.99 (dd . 1 H) . 3.26 (m . 1 H) . 2.64 (dd , 1 H) . 2.62 (dd . IN) , An elemental anaJyals yielded the rlK^wing 
results In weight percent: %c = 80.02, %H = 6.31 . %N = 9.91 , which compares with cateulated values for C^. lo^NaO 
of %C = 80.16. %H = 6.01 , %N = 10.02. 21 as 3 

Preparation of g-ethyl-a-carbazolecarboxaldehvde-N-g.g-epDXVpropvl-N-Dhenyl hy dtazona 

[0081] Phenyihydrazine (O.I mole, commercially available fram Aidrich, Milwaukee. WO and 9-8thyi-3-carbe..Dlecar- 
boxaldehyde (0.1 mole, available from Aldrteh Chemical. Milwaukee , Wl) were dissolved in 100 ml of isoprcf.anol In 
250 ml 3-neck round bottom flask equipped with a reflux condenser and a mechanical stfn^er. The solution was 1 • rfluxed 
40 for 2 hours. Thin layer chnjmatography indicated the disappearance of the starting materials. At the end of the inaction, 
the mixture was cooled to room temperature. Tha 9-ethyl-3-carba2Qlecartaaldehyde phenylhydra^one crystal* omied 
upon standing were filtered off end washed with isopropanol and dried in vacuum oven at 50*C for 6 hours. 
[0082] A mixture of 9-etiiyi-3-carbazolecart?aldehyde phenylhydrazone (3.1 g, 0.01 mole), 66% powdered pcnissium 
hydroxide (2.0 g. 0.03 mole) and anhydrous potassium carbonate in 25 ml of eplchlorobydrln was stirred vigor < usiy at 
ss-60«c for 1 .5-2 hours. The course of the reaction was monitored using thin layer chromatography on siKc gel 60 
F2S4 plates (commercially available from Merck) using 1 :4 vA^ mixture of acetone and hexane as eluant. Afti ' ternil- 
nation of the reaction, the mixture was cooled to room temperature, diluted with ether and washed with water . itil the 
wash water had a neutral pH. The organic layer was dried over anhydrous magnesium sulfate, treated with e . ivated 
charcoal and filtered. Ether was removed and the residue was dissolved in a 1:1 mbciurs of toluene and Isop panoi. 
The crystals formed upon standing wens filtered off and washed with isopropanol to give 3.0 g of product (B1 .22. . yield) 
with a melting point of 136-137 ''C. The product was recrystalyzed from 1:1 mixture of toluene and isopropa r il. The 
product was characterized with iH-NWR in CDCI3 (250MH2) which yfclded peaka at the following delta values 1 \ ppm- 
a.aS (B, 1 H), e.14(d, J=7.8Hz, 1 H), 7.93 (d» 7.8Hz, 1H), 7.90 (s, 1 H), 7.64-7.20 (m. 8H), 6.96 (t . J=7,2Hz , 1 Ik, 4.37 
(m. 3H), 4.04 (dd . Jl=4.3 Hz, J2 = 16.4 Hz, 1H), 3.32 (m. 1H) , 2.8B (dd , IN). 2.69 (dd . IH). 1.44 (t. J=7.2 I- :| 3H). 
Elemental analysis yielded the following results In weight percent %C =78.32. %H = 6.41 , %N = 1 1 .55; which cc r. tpares 
with calculated values for C24^z^^3<^ of %C = 78.02, %H 6.28. N% = 11 .37. 
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PfBparailon of 4-dimethvlam[nob en?aldehvdfe.M-2. S-eDQXVDrDpyl^-ohBnvihvdrazQna 

[0083J The preparation of 4^imethylaminobenzaldehyde.N-2. 3-epoxypropyl-lvi^henylhydrazone wasperf • medas 
descnbed above for 4-(diphenyiammo)ben2aldehyd6-N-2. 3-epoxypropyl-N-phenylhydrazone except that 4^(- methvl- 
5 amlno)ben2aIdehyd© (Aldrich) was used instead of 4-(Drphenyl0mino) benzaldehyde. 

Preparation of 4-(4,4'-di(mothylphenvl)amlnQ) benzaldehvde - N-a.a-eDQxy propyl-N-phfln vJhvdrazQne 

tOOB4] The preparation of 4-(4,4'-di(methylphenyf)aiTUno)benzaldehyde"N.2. 3-epoxypropyl-N-phenylhv razone 
10 was performed as described above for 4-(dlphenylamino)benzaldehyde-N-2, 3^poxypropyJ-N-phenylhydra:.ine ex- 
cept that 4-(4.4'-di(melhy!phenyl)amino>ben2ald9hyde (Aldrich) was used Instead of4.(DiphenyJaTnlno)beh2a I- ehyde. 

Preparation of 4^diethYia)Tiinob enzaldehvde-N-2, S-epoxypropyl-N-Phenyihydrazone 

fs [008BJ The preparation of 4«djethylamrnoben2aidohyde-N-2, 3^poxypropyi-N-phenymydrazone was perfcmed as 
described above for 4-(d.phenyiamino)benzaldehyde-N-2. a-epoxypropyi-N-phenylhydrazone except that 4. • Jieihyi- 
aniino)benzairfehyde (Alcirich) was used instead or 4-(Diphenylamlno) benzaidahyde. 

Example 2 - Synthesis of Charge Transport Com poundg 
so ^ 

Lbove example diiscrlbes the synthesis of five charge transport compounds corresponding to form . as 2-6 
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Compound 2 

[0087] A 0,6 ml (4.45 mmol) quantity of triethylamfne (TEA) was added to a mixture of 4-(d(ethylamino)saiicyla . .ehyde 
N,N-djphenylhydra^one (4.0 g, 11.13 mmol) and 4-(diphQnylamlno)bGn2Qldehydo N-2,3-epoxypropy^N-phen . lydra- 
zone (4,67 g. 11.13 mmoi) and 15 ml of 2-butanone. The mixture was refluxecl until one of the starting corrr ounds 
disappeared, which required 38 hours, as determined by thin layer chromatogniphy (TLC) usfng silica gal i . F264 
plates, commercially available from Morok. and 1 :4 v/v mixture of acetone and hexane as elueni. Ar the en* of the 
reaction, 2-butanone and TEA were distilled off and the residue was subjected to chromatography using a I Diumn 
packed with silica gel (Merclc grade 9385, commercially obtained from Aldrich, Milwaukee. Wl) and a 4'1 vAr . ilution 
of hexane and acetone as the eluant. The product was crystallized from a mixture of 2i3ropano] and ether (10 ) The 
crystals formed were filtered off and washed with the mixture of 2-propanot and /i^exane (1 :1) to give 6 5 g ( M 7 %) 
of Compound 2. The product had a melting point of 161-162 ''C after ciystalizallon from 10:1 vAr of 2-propa >l and 
ether A iHMMR spectrum (250 MHz, CDCI3) yielded the following peaks, ppm: 7.85 (d. J:=B.8 Hz- 1 H)* 7 GO-t (m 
31H) ;6.37(d, J=8.B Hz: IH); 6.02 (S.1H); 4.18 (m.lH); 4.03.3.68 (m,4H); 3.^ (q, Jt7.1 Hz; 4H); 2.64 (c ^6 6 
Hz; 1H): 1.11 (t. J=7,1 Hz: 6H). An elemental analysis yielded, %: C 78.44; H 6^9; N 10.61. CgiHsoNeO^ ha- a cal- 
culated elemental distribulion of %: C 78.84; H B.47; N 10.79. 

Compound 3 

[0088] Compound 3 was prepared and isolated following the procedure used to prepare Compound 2 exQ' l that 
instead of 4-(dlphenylamlno)benzaldehyds N'2,3-epoxypropyl-N-phenylhydrazone, 9-ethyi-3-carbazolecarbo: alde- 
hyde N-2.3.epoxypropyi-fyi^phe-nyihydrazone (4.11 g, 11.13 mmoi) was used. The yield was 5.9 g (72.6 %) t d the 
product had a melting point of 108.5-1O9.5 -C after ciystalization from iO:i v/v of 2-propanol and ether A^i NMR 
spectrum (250 MHz, CDGI.j) had peaks at. ppm: 8.17 (S, 1H); 8.12 (d, Jk7.5 Hz\ 1H) ; 7.94 (d. J==B.8 Hz' 1H) ; ; 35 (d 
.^=7.6 Hz; IN): 7.74 (5, 1H). 7.61 (5, 1H); 7,55-6.96 (m. 19H); B.38 (d. ^8.8 Hz; IN); 6.02 (s, IH); 4.37 (q ^ » 3 Hz' 
2H): 4.25 (ni, IH); 4.03-3.72 (m, 4H); 3.26 (q, J=7.1 Hz; 4H); 2.72 (d, J=72. Hz; IH); 1.44 (t. J=7.1 Hz; 3H)- I 06 (t' 
J!=7.1 Hz; OH). An elemental analysis yielded. %: C 77.21 ; H 6.48; N 11 .68. C47H4aN602 has a calculated el's • ental 
distribution of, C 77.44; H 6.64; N 11 .53. / d ^ m» 

Compound 4 

[0089] Compound 4 was prepared following the procedure used to prepare Compound 2 except tfiat Insl. ad of 
4.(dJphenylamino)benzaldc.hyde N-2,3.epoxypropyl-N^phenylhydrflione. 4-dimethyiaminobenza(dehyde N-2 £^ -pox- 
ypropyl-N-phenyUhydrazone (3.29 g. 1 1 . 1 3 mmol) was used. The reaction time was 34 h. After removal of the s • vent 
the residue was crystallized from a mixture of toluene and 2-pmpanoi. The yield was 4.6 g (65.8 %). and the pi iduct 
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(250 MHz CDCy yieldcid peaks at. ppm: 7.88 (d, J=8.8 H2; 1 H); 7.55 (s. 1 H); 7.48 (m 3H)- 7 36-6 92 fm 1 m- 6 BP 

c n i ■ t f;^- ^' ^ -^^-^ ^ yiew^'^. c 75.01: h 6.91: n 12.6B 

c^iH^NgOa has a calculated elemental distribution ol. %: c 75.20: H 7.0fl; N 12.B3. 



Compound 5 

fSn o?TJS° k"'^ ®. ""'^ ''.K "'^"''^ P^cedure used to prepare Compound 2 e, - apt that 

LTh^-Lh^Im^^,"'' N-2,3-epoxypPO-py|.N-phenylhyd«zone, 4-(4.4-.dlmethyldlpher .(amino) 

benzaldehyde N-2 3.epoKypropy|-N-phenylhydr9Zone (4.98 fl, 11.13 mmol) wae used. Compound 5 was ob . inad as 

« ,^ ' : ® " ^ ■ ^ : "^-^ <'^- ^ : ^ 4H); a.as (q, j!=7.i hz; 4H)- . es (m 

1 . . V' •'' '^'^ ^'smental analysis yielded, %: C 78.69; H 6.68: N 10.60 Ck-^H^H O, has 

a calculated elemental dletrlbution of, %: C 78.88; H 6.74; N 1 0.41 . ■ v ow. i.^3ns4i i nas 

Compound 6 

[0091] compound 6 wfis prepared and Isolated following the procedure used to prepare Compound 2 ex -ol that 
.nstead of 4-(d,phenylamino)ben.a,dehyaa N-2.3-epoxypropy,^henylhydrazone^5?e^ylaZo^^^^^^^^^^^ 
2,3^epoxypropyl-N-phenyl hydrazone (3.80 g. 1 1 .1 3 mmol) was used. The yield was S.2 g (67.5 %), and the .roduct 

(m, 15H). 6.63 {d. JWB.9 Hz; 2H); 6.38 (d, Hz: 1H): 6.02 (e, 1H): 4.17 (m. IN); 3.99-3.62 Im 4H)- 3 45 ■ n 8Hi- 

2.83 (d. JuB-B Hz; 1 H): 1 ,12 (m, 12H). An elemental analysis yielded. %; C 75.45; H 7.1 1 • N 12 51 C.',H N ' 3* ha<l 
acalculated elemental distribution of, %: C75.e3: H 7.38; N 12.31. 12.51. C^gHgoN. has 

Example 3 - Charge Mobility Measurements 

[0092] TT'isexampledes^ribesthemeasuremento/chargemobil/tyforeampleeformedwiththeflvecharaeti. nsDort 
compounds described in Example 2. Some samples Included a polymer binder while other samples did not 

Sample 1 

£00931 A rnteture of 0.1 g of Compound 2 and 0.1 g of polyvinylbutyral (Aldrich 41.843-9) was dissolved in ml of 
fer ifi\if« o!^~,T «so8tedon a polyester film with conductive aluminum layer by the dip roller method. Afle drying 
for 1Smln. at 80»C temperature, a clear 10 nm thick layer waa formed. 

Sample 2 

I0094J A 0.24 g quantity of Compound 3 was dissoh/ed in 1 ml of THF. The solution was coated on the polysi jrfllm 

with conducLvB aluminum layer by the dip roller method. After drying for 15 min. at 80'C temperatuw. a clet 6 am 

thick layer of good quality of Compound 3 was formed. ^ 

*» Sample 3 

EJwelrf S^i^nlV^ ^"^^ procedure for Sample 1 , except that Compound 3 was . i ed In 

«» Sample 4 

C^pl>un'^i a'" ^ 
Sample 5 

pi^of Sm^H^z"^ prepared according to the procedure for Sample 1 , except that Compound 4 was L,.8d In 
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Sample 6 

[0099] The sample wa^ prepared according to the procedure for Sample 1 , except Compound 5 was usee I n place 
of Compound 2. ^ 

Sample 7 

[0D99] The sample wais prepared according to the procedure for Sample 1 , except Compound 6 was usee n place 
of Compound 2. 

Mobility Measurements 

[0100] Each sample was corona charged positively up to a surface potential U, illuminated with 2 ns long i itrogen 
laser light pulso andthe hole mobility n was detemilned a« described in Kalade et al.. "Investigation of chare.- carrier 
transfer in electrophotographic layors of chaikogonide gtases," Proceeding rPCS 1994: The Phystcs and Che Istry of 
Imaging Systems, Rochester. NY, pp. 747-762, incorporated herein by reference. This hole mobility measurenr.nt was 
repeated changing the chsirging regime and charging tiie sample to different U values, which oon-esponded to i Werent 
elQctflo tield strength inside the layer £. This dependence was approximated by the formula 



as 



30 



35 



40 



B5 



Her© E Is electric field strength, Is the zero field nwblllty and a is Pool-Frenkel parameter. The mobility chare- Brizing 
parameters p^ and a values as wen as the mobility value at the 6.4x1 05 V/om field strength as detemiined frc . these 
measurements are given in Table 1 . 

Table 1 



Sample 


Mo (cm?<V'6) 


^ (cm^/v-s) at 6.4-103 v/crn 


a (cm/V)^^ 


1 


2.1-1 


7.7-1 


0.0045 


V. 


7.0.10-fl 


6.7-10-fi 


0.0057 


3 


1,1.1 o-s 


1.5.10-7 


0,0061 


4 


5.7' 10-7 


2.9-10-a 


0.0049 


5 


1.7.10-B 


1.5.10-6 


0.0056 


6 


7.M0-S 


3.91 0-7 


0.0050 


7 


1.6.10-0 


1.3.10-« 


0.0055 



Example 4 • ionization PoiGntial Measurementg 

[0101] This example dejscribesthe measurement of the Ionization potential for the five charge transport com 
described In Example 2, 

[0102] To perform the ionization potential measurements, a thin layer of charge transport compound about i 
thickness was coated frorr* a solution of 2 mg of charge transport compound In 0.2 ml of tetrahydrofuran on a ;. 
substrate surface. The substrate was polyester film with an aluminum layer over a methyicellulose sublayer c I 
0.4 |Lm thickness. 

[0103] Ionization potential was mEasured as described in Grigaievlcius et aL, •'3,6-D](N-diphenylamlno)-9-. 
carbazole and its methyl-substituted derivative as novel hole-transporting amorphous molecular materials." Sr 
Metals 129 (2002), p. 127-131, incorporated herein by reference. In particular, each sample was illuminated wii 
ochromatic light f ram the quartz monochromator with a dautertum lamp source. The power of the Incident ligr I 
was 2-5.1 0-a W, The negaiive voltage of -300 V was supplied to the sample subslrate. TTie countor-electrode 
4.5x15 mm2 slit for Illumination was placed at d mm distance from the sample surface. The countei^electro . 
connected to the Input of the BK2-16 type electrometer, working In the open Input regime, for the photocun-eni 
urement A 1 0-^s - 1 0*^2 amp pholocun-ent was flowing in the circuit under illumination. The photocurrent, 1 , was £ l 
dependent on the Incident light photon energy hv. The |0-M(hv) dependence was plotted. Usually the dependi; 
the square root of photocurrent on incident light quanta energy is well described by Unear relationship near the thi r 
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[see references -Ionization Potential of Organic Pigment Rim by Atmospherfc Phatoetectron Emtesron Anaiy; 3 - Fiec- 

f ^^^""^ Ihls dependence was extrapolated to the hv axb and Ip value was determir . d as the 
nnto^l^?;^^ int€.i«pt|on point. The ionizatron potential measurement has an error of ±0.03 eV. The . nization 
potential values are gjven in Table 2. ■»*.auuii 

Table 2 - 



Ionization Potential 


Compound 


ip (eV) 


2 


5.27 


3 


5,22 


4 


5.20 


6 


5.2S 


6 


5.19 



t0l04] As understood by those skBled in the art. additional subaUlutfon, variation among sut>8tituents, and al.. 
methods of synthesis and use maybe practiced wittiinthe soopa and intent of the present disclosure of the ir • 
I?^! a«>ovB are intended to be illuetrathre and not limiting. Additional embodiments ai^ within th. 

Although the present invention has been described with referatice to partlcuiar embodiments, worke,^ skill.- 
inv^l^^^^ 'Manses may be made In form and detail without departing from the spirit and acop, 

BI105] Attention Is directed to all papers and documents which are filed concurrently with or previous to th • 
fication in connection with this application and which are open to public inspection with this spaclflcabon 
contents of all such papers and documents are incorporated herein by reference 

[0106] All ofthe features disclosed in this spedflcation (includ/ngenyaccompanyinacfaime.abstraetanddn, 
and/or ali of the steps of any method or process so disclosed, may be combined in any combination, except c , 
tions Where at least some of such teatu res and/or steps are mutually exclusive 

^Jl"^ ^T""^ dtetsloaed in this specifieatbn (Including any acconvanylng claims, abstiBCt end drawin , 
be replaced by alternative leatunes serving the same, equivalent or simila/puipose, unless expressly stated oti • 
TTius. unless expressly suited otheiwise. each feature disclosed Is one example only of a generic series of eo 
or similar features, 

[0108] TTie Invention Is not restricted to the details of the foregoing embodiment(s). Tho invention extend: 
novel one. or any novel oornblnation. of the features discfosed In this specificatfon (Including any accompanyinc . 
abstart and drawirigs), or to any novel one. or any novef combination, of the steps of any method or pro,- 
disclosed. 



Claims 

1 . An organophotorecepior comprising at least one photocon duett ve eJement comprJaing: 
(a) a charge transport compound having the formula 
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where is acarbazole group, a jublidine group, or a p-(isj.N-dr£3ubstituted)arylamlne. Ro. R,, R. R- 
and Rg are. independently, an alkyi group or an aryi group. R^ and are, Independently, hydrogsn ,n aiKyl 
group, or an aryl group. X is oxygen, sulfur, or a NR- group where R' Is hydrogen, an alkyl. or an ar . qrouo 
and Y Is an aryl j^oup; and » ki 

(b) a charge geniHatIng compound; 

wherein the at Isiast one phococonduciive element Is on an eleclricalty conducttvo substrate, 

2. An organophotoreceptor according to claim 1 wherein the ai least one photoconducJive element further cc i • iprisee 
an electron transport compound. 'pnae© 

«f 3. An organophotoroceptor according to either of claims 1 and 2 wherein tho charge transport compound has the 
lormuJa 
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SO 



55 



\ 

Or 

Where is a carbazole group, a julolidina group, or a P'(N.N-disubstituted)afy!amfne. and R« and are 
Independently, an alkyl group or an aryl group. 

4. An organophotoreceptor according to any preceding claim wherein the at least one photoconduetlve elem = it fur- 
ther comprisQe a bindc*r. 

5. An organophotoreceptor according to any preceding claim wherein the chargo transport compound has a 1 - inula 
selected from the group consisting of the following: 
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6. An electrophotographic imaging apparatire comprising; 

40 

(a) a light Imaging component; and 

(b) an organophotorecoptor oriented to receive fight from the light fmaging component, the organo 1 lotore- 
ceptof comprising an electrically conductive substrate and at least one photoconductive element on 1 1 * elec- 
trically conductive substrate, the photoconductive element comprising 

(i) a charge transport compound having the formula 



so 



S3 
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where Ri IS! a carbazole group, a juloJIdine group, or a p-(N,N-disubstctuTed)ary famine, Rg. F. R. .R. 
and R^ are. independemty, an alkyi group or an aryl group. and R^ are, indopendently, hydroger ' an alkyi 
group, or an aryl group. X Is oxygen, sulfur, or a NR' group where R' Is hydrogen, an alkyI, or an ai ^ arouD 
and Y IS a aryl group; and ' 
(II) a charge generaiing cornpound. 

7. An electrophotographic Imaging apparatus according to claim 6 wherein the charge transport compoun. J has the 
formula ^ r 



3Q 




40 



49 



Where R^ is a carbazole group, a juJoildine group, or a p-(N,N^di5ubs«iited)aryIfimlne, and R3 an< ^4 are. 
Independently, an alk^l group or an aryl group. 

6. An electrophotographic imaging apparatus according to either of claims 6 and 7 wherein the charge f .nsport 
compound has a fonriula selected from the group consisting or the following; 



so 



r 
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9. An electrophotographic imaging apparatus according to any of claims 6 to e wherein the at least one ph . tocon- 
ductlve element ftirth<?r oomprise© an eleotroh transport compound. 

10. An electrophotographic imaging apparatus according to any of claims 6 to 9 wherein the at lea^ one p^r tocon- 
ductive element further comprises a binder. 

11. An elecirophotographic imaging apparatus according to any of claims 6 to 10 further comprising a liqu r, toner 
^ dispenser. ^ * ^ 

12. An elecLrophotographic imaging process comprising: 

(a) applying an electrical chang© to asurface of an organophotoreceptor comprising an eleclricalJy cor ' ucth/e 
^ '^^ast one photoconductlve element on the electrically conductive substrate, the ph - ocon- 
ducilve element comprising 

(i) a charge transport compound having the fonnula 

ss 
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Where is a carba^ola group, ajulolldlne group, or a p-(N,N-dlsubstitut©cl)arylainlne, R. R^, R4, 
Rg and Rg are, independently, an alkyj group or an aiyl group, R7 and R^ are, Independently, h » irogen, 
an alKyl group, or an aryl group. X fs oxygen, sulfur, or a NR* group whero R' is hydrogen, an al I, or art 
aryl group, ?ind Y te a aryl group; and 
(ii) a charge generating compound; 

(b) imagewlse eirposing the surface of the organophotoreoeptor to radiation to dl&dipate charge In ■ Elected 
ereae and thereby form a paEtern of charged and uncharged areas on the surface: 

(c) contactfng the surface with a toner to create a toned Image; and 

(d) transfernng the toned image to a substrate. 

13. An electrophotographic imaging process according to claim 12 wherein the charge transport compounc nas the 
formula 



40 



a 



where Ri Is a carbaioie group, a julolldlne group, or a p-(N,N-disubstltutecl)arylamine, and Rg anc .^^ ara, 
4^ Independently, an alNyl group or an aryl group. 

14. An eleclropholographic imafllng process according to either of claims 12 and 13 wherein the charge t . nsporl 
compound has a fomiula selected from the group consisting of the following: 
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15. An electrophotographic imaging process according to any of claims 12 to 14 wherein the at least one |> (Otocon- 
"fo ductive element further comprises an electron transport compound. 

16. An electrophotographic Imaging process according to any of olalnns 12 to 13 wherein the at least one p lotocon- 
ouctive element further comprises a binder 

17. An electrophotographicimagingprocessaccordlngioany of claims 12to 16 wherein the toner compr1s<^ .allquld 
toner comprising a dispersion of colorant panicles in an organic liquid. 

18. A charge transport compound having the formula 

so 
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where is a carbazole group, a julolldine group, or a p-(N,N-<:lfsub8tituted)arylamine, Rg, R3, F. R5 and 
Rg 9rB, independently, an alkyi group or an ary) group, Rj and Rg are, independentty, hydrogen, an al ^"l group, 
or an aryl group, X is oxygen* sulfur, or a NR* group v/here R' Is hydrogen, an alkyl, or an aryl group, i. id Y Is a 
aryl group. 

19, A charge transport i;ompound according to claim 18 having the fonnula 



90 



33 



P 

\— OH 



where R^ is a carbazole group, a julolidine group, or a p-(N,|>j-dlsubstiUjled)aiylejnine, and Ra ar . are. 
independently, an alkyt group or an aryl group. 

40 20. A Charge transport compound according to eithor of claims 1 8 and 1 9 wherein the charge transport com^ • und has 
a fomiula selected from the group ooneleting of the following: 
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